; e3e} 0Az<<=D>( ?@@0ASYE13 March 2003 PROCESS FOR THE PREPARATI ON OF
EXPANDED POLYVI NYL ummES The present invention relates to a
process for the prgmﬁWEMWW“m expanded pol yvi nyl arene particles and to a
process for the preparafjqpgp of foaned articles from theselEMpeahRid3
particles. 5 For man ears it has been known that particles of

pol yvi nyl ar enes, s%ﬁu@mwm@n"wﬁ yrene, can Be-rendered expandabl e and that
the particles thus /b be used in the preparation of foaned

articles. In this respecdooteference is made to, e.g., US patent 10 No.
2,681, 321 which discloses a process in which polystyrene particles are

s i sper sed i n T yayrne. i Crseon i trkpBlode R et g "

generally 4 to 8o by weight of such |i @aRradILsESydrocarbon, such as butane,
n- pentane or m xtures of pentanes. Al so hal ogenated hydrocarbons have been
used for this purpose. These particles can then be expanded to particles
with a reduced denthtyprAppatenhvdensiohi eslboespaokagpngcpast fokeshe
typically are 20 to GQ.gll.ance ﬁg %xgandedh he garticles are fused in a
st eam heat ed nBOFBEB P8I 8 CFBAREE SaPéV e Er 25 °RE8s PPEGLEASFe 2B t he
factors that iptbuessefbhetarparspanaafohhe fpdbyskeyr areipdeki €res ikselshe
amount of hydrocarbgn blom%nglagent. From Kirk O hner, Encycl opedi a of
Cheni cal 25 Te%ﬁﬂSPgﬁg,p?ﬁi? &di'ti on, Volune 21, page 838, it can be read
that tie density ofopambhgl gsaecentiai haBgbke? &Wbwn- paatapertsclypi ol |y
1080 kg/ nB, conBﬂred tﬁ a val ue of 1050 kq/ng for pure pglyst rene beads
and conpared WPPhY¥1RYIEdraEEa d&qdi 6y BPLY658 RGPwE °ABr P§ §Fﬁﬁﬁéeﬁixture
in 13 March 2QP3ndvabilehahle thapefhangairsidilissokved obtpohydt yagnee | f al

pent ane woul d be in_voigs t he calculate% %ensity wouyl d be 11?0 k~'m . Thus
it has been sufg€dt &8 REt PpEPELEf 1PRe Oy dPGESEFLBR SBFORPNg 18: ERESi s present

inlittle voi dsekpethe rpgkyehyeene. mklde $ki | keq.yanwsupatinappreci ate that
t he above densities are particle densities, which can be recal culated to ~.
appar et densi tPes? - &3patilc HE1GEn Sty 168 € B080 PEGCRS ScdFr ¥Ep6Rds to an
appar ent densi pby190Etarkauad pa3Q ikamBard dikpwaack +of 11ibR iR 63eRbRFRCHCe IS
that during the transport and storage of the. )
and treated such that” the liquid hydrocarbon is dispersed
in the polystyrene particles. Particles thus prepared
contain generally 4 to 8% by weight of such liquid
15 hydrocarbon, such as butane, n-pentane or mixtures of
pentanes. Also halogenated hydrocarbons have been used
for this purpose. These particles can then be expanded to
particles with a reduced density. Apparent densities for
packaging particles typically are 20 to 60 g/l. Once
20 expanded, the particles are fused in a steam-heated mould
to yield a foamed article of a desired shape.
One of the faétors that influence the expansion of
the polystyrene particles is the amount of hydrocarbon
blowing agent. From Kirk Othmer, Encyclopedia of Chemical
25 Technology, third edition, Volume 21, page 838, it can be
read that the density of particles containing 5.7 %wt
n-pentane is typically 1080 kg/m3, compared to a value of
1050 kg/m3 for pure polystyrene beads and compared with a

calculated density of 1020 kq/m3 for a simple mixture in



unexpanded particles hydrocarbons may evapor ate fromthe particles, in
particular fromthe voids. ~T~'hen the particles are transported and/or

stored at varying tenperatures and!or 10 duration, the a . 0.
pentane retained may vary significantly. Apart fron1extrgag@%ép3%9gasures

" that have to be taken during transport, |ike gas-tight packaging, it wll

be appreciated that such a variation may have an effect on the resultin;
f oam obt ai ned after expansion. Furthennore,” the expansion process i tsel f
al so causes that hydrocarbons originally 15 present in the unexpanded

particles are itted into tl~e envirtonnment er tor

P 551 0ns. conBILaea RS ASTIAE oD HeiRaFopLdls eriade! SaAd opah oieids:
hydrocarbons {ag,1fid dbeioRpaki 10119 Bo/mEOMRtik s bl %%Hé@@f‘a‘i‘tpahsoft fhebe
installed in the facilities of the end-user of the particles, i

cust omer who bydmmlam hlhwe'xrfao%emdlsaqr@secﬂ sdlittlavpigs e the padsstyscit tTlimstlled man

expertise and yest me ! e..cust oner. ese ve
Thrends to-or 2 EaveTnera i bolt ERBLE FOFITs gritey Toh SELRE BRI
preparatiog oap;ﬁmaadﬁdlepommxcp@amslmysf mm/méb@m&b@lﬁs tb B apfafB density of
conprising: (a) pre-expanding unexpanded pol yvin3~l arene particles that are
i npr egnat ed WPRD ng agent to an apparent density do ranging between

600 and "00 kgi nB Aodr%\%ﬂ%rtﬁép}e%ngﬁi-a‘étxp@fs &l BRing St %aﬁ%BﬁsdnB%td? e05f§1 ch

a size that a reasonable anmount’ o 26 1 norganic gas C e I nmpre?nate
into said poresxpindsdipdrtjyies- lmdmcegwon( b)aylervppcagnqaﬂrcvmgh@amc}enangamomlanaﬁom

into said : TRpy n
par i o s of SEag oy 1o PEPRIEAT t ccrbaroish <Bary PR d R iaR b Per R P,

appar ent densfytaddn, ake hi@asits bfu@epéntm&etamwrmmamycboamfrctmuﬁdw%ﬁhag@ﬁ Rira
the present |nvent|on ar&@enornng At the faC|I|t$es of . th
pol yvi nyl ar en# %W&E?% havgie pp 2GR GBS onsRyTtalieneas sl packaging.tit Bl e

containing a @J Wi i€y Ade chaar@arﬁflgxpﬁ{a?qla@QQnteh@ctlcﬁ‘ltt%? estaﬁ{ntg'fsérﬁ%btamed after
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Furthermore, the expansion process itself also causes that hydrocarbons originally

15 present in the unexpanded particles are emitted into the environment. In order to reduce
the emissions complicated equipment has been developed to collect the emitted
hydrocarbons for further handling, e.g. combustion. This equipment is to be installed in
the facilities of the end-user of the particles, i.e. the customer who produces the foamed
articles. This requires additional expertise and investments with these customers.

20 The present invention intends to eradicate the above drawbacks by providing a
process for the preparation of expanded porous polyvinylarene particles, the steps
comprising: (a) pre-expanding unexpanded polyvinylarene particles that are impregnated
with a blowing agent to an apparent density do ranging between 600 and 200 kg/m3 to
form pores in said particles, said pores being of such a size that a reasonable amount of an

inorganic gas can be impregnated into said pores of said particles: (b) impregnating said

RS ]
W

inorganic gas into said pores of said pre-expanded particles; and (c¢) expanding said
particles of step (b) to form said expanded polyvinylarene particles to an apparent density
of at least three times lower than do.
The advantages of the present invention are enormous. At the facilities of the
30 polyvinylarene manufacturer, unexpanded polyvinylarene polymer particles containing a

blowing agent are prepared and the latter particles pre-expanded to a reduced apparent



density in the range from600 to ?00 g/l. If this density reduction is

. obtained by the use of a hydrocarbon bl owi ng agent, the emtted bl ow ng
agent can be collected and handl ed further, (e.g. re- used')e} inﬁh%} gl ant of

the pol yi nyl arene manufacturer. Secondly, the polyvinylar dar, Pdct urer

" has conplete control over the product 5 quality in the period between

production and use by the custonmer. Using the process of the present

i nvention, the polyvinylarene manufacturerWill be in a position to extract

at | east the blow ng agent fromthe voids. If he has done so, there will

be no | oss of blow ng agent during transport and/or storage of the

pre- expanded geasity ol the ranEhifeonnb0Q toeldle If that denbigy wduetomes obliained By wheygse of

obtain pre-expanded partjcl.es with.,a cons ent cell stnuc e_and,10 w th
Conel stent T oRvRgmpEh It S M R ERRRL Blblbe i b M b Bl e atlete
such that thefigppa(esiredeatiid the dant angie polikdaeHQ niauBRfirdeg; N8, the vol ume
i ncrease conpared to the volune of the original_ unexpanded particle is from
about 1.~ to |ess Peardls themelyvinpirens Mapwawrer Basseprytelr (copfhgltovenghe product

transportatio a?i%ﬁ%ﬁ%ﬂerﬁgtbeg%ﬂg?ocﬁlgﬁé&v%'{?la}ég 53?% QULRRE Ghnk R L}Jroces?]g{ the

adva~~tages. 4n the ot her han ncrease does ensure t
pores are pregresent invetthm, preepaypayicrece pantfacher mal ibagn s pokitian $0 exdrachat leadie

vhrch 2008 GERIER teeat GPRARE PR CHABTA Rt PR B s r P A ying dgen
expandabl e. TigiH3r aSyReaf@er Exeiaguiomyhsat?@é@g@:ﬂreagsgh%%sofTmibminr&@@f@tma the
g

i nventi on have an apparent density do o 00- 200 kg/ nB. Preferably, the
appar ent denstusiprgs WillrRiways pansme-ckpandsd PRGiCIS, Wikt 2 €OpHEEE bl Sirachusenasdo

to 300 kghpB @Eﬁlcgggﬁmp;«%{\ﬁ{ﬁggoéeﬁggm 450 to 350 kg/ nmB. The pre-expanded
0 r

particles can be tal ne
Because the pre-expansion has been conducted such that the apparent density d,

ranges from 600 to 200 kg/m®, the volume increase compared to the volume of the original
unexpanded particle is from about 1.5 to less than 3 times. This increase is so small that
the transportation costs do not become such that they outweigh the advantages. On the
15 other hand, the volume increase does ensure that pores are present in the pre-expanded
particle having such a size that the customer can impregnate a reasonable amount or

inorganic gas into



expansi on of any unexpanded pol yvi nyl arene particle 10 containing a

. sufficient amount of blowi ng agent to arrive at the apparent densities as
defined. The unexpanded pol yvi nyl arene particles nay be p{qﬁarr E&O@‘ vari ous
met hods, including solution polynerisation, bulk polynerisa ] uspensi on
" polynmerisation or mxtures of 15 these nmethods. The bl owi ng agent nmay be
added after the polynerisation, as describedin US patent No. 2,681, 321. It
is also possible to add the bl owi ng agent during the polynerisation of the
vi nyl ar ene nonomeresn,orin condiel | to hedoder titee pod yimer i sat s ot il dritel yrononer s.
Preferably, 20 the bl pwing agent is added during the pol ynerisation of the
vi nyl arene rmnor?é?psafn%\:\ﬂfél bl yneri sati on advant ageously bei ng conducted in
suspensi on. The unexpandee potyanded gicng pafld des sitdiadlles hav e e
average particle size of 0.2-3 mm_ 25 Suitable particles for use in the
present inventi & e . VLRSI 'S FIUSRRATHIE NSRS T ,<8§9f,e whi ch
describes pol ymego@ardo ck@mmM thraf & At § velye Mg oensi dens iese, hkghges
density pol ymare@:arti cl es are obtained by pre-expansjon of unexpanded

pol ymer particl d30 TthtEh mHy 53407, OBy Ried e eht B FokEB pat ent
No. 1 106 193 a%f%ﬁ@?'ér@@%&@t Noxe MO A8 P1ARS i 450 Scknoym ithat3 wat er

may al so be used as owi ng agent. Apart from hydrocarbons, e.g. C2-C6
hydr ocar bons or hal ddenater-¢nrRoded borst 1 oke svegat  botdiera glashily reent s

may be used 1 : 2003 - 'E}%T‘E} : ' rEg@]m' oW ng
agents égar bon S‘ﬁ%ﬁé}&gr&so‘%@él ﬁ%rledrﬁ C qﬁ%&aégrgﬁt S, |chce£é
conpound$§ t hat rasirgasiaigas edusu thhpoereiht anepoh awindrhegert tee arrive
conmpounds are u I solid gp@ t | S i

pol ymeri sati on tsaelﬁhénklyequ%sé am?%@sgpég%eénﬁcgﬁlb%%% ﬁ%%gde%%s&aa?%e%ar bon
di oxi deor ni trogerl-yirey ba feme spi i di chapauagsbe | e ol day bonandde.  US
that for the proSURI of tparelny eso REF R SRt viRn S ot fone 111 s
possi bIt e Ito u;se Hfsbsne;fimi@me s ¢ et ol o yrge aigreant 1 ¢ aoe haisx‘blﬁms uséd
in par es for_]lo | appl i n ver, it co ue i ng
that t hlégdi ffer etnceeg%l srgéi]%’é%%l Pﬂjé% #ﬁ‘g é? nggégﬁ in(ﬁ)ésg? oar&%%)c\ﬁ/]v-a efhes%(t ;é/ﬁg
appl i cati ons t heoqggmieanes aonident asregeber Bodd 210005 it exbit 1180 ha? d6§1 ndER.

than the 5.8 to 7. 0% by, wei ght _ pent ane cont ent the particles for

hi gh-density appﬁtl cat i%/]hssc.3 ?S%g%f%ot\“/\? baeecril tfekb%ntg{?"ﬁjarfg ser“%ﬂterg%%rﬁ%t &her 20
hydr ocar bon bl owaslyyregeindatal so ehabhe aigehst4rye rmechuatéeon ¢o0 o | 2yél iof

bet ween 600 and 200 kg/nB. The resulting pre-expanded particles are extra
advant ageous. | n KAERF B1 e PP HHERT SPELTR Sar RS RUNCMETS: (AT TR b hhapon
and storage. Thetred ¥owihgi Sgpref esreddé® @iepad ecidepPl emebi expasdeds
particles accordrié{%g to t{ue i nvention by usi ngq}(g:L process_j n whi ch expandabl e
pol yvi nyl arene patd i 14 THREGI RPRGEFom B8 WEHSWetYht of a volatile
organi ¢ bl ow ng &gedtitaPesesl pnbeohy Vedydat eae, 18I SuPsenSxPandege t o an
apparent density of 600 t$ 204(')| Kk /nﬁ. A nost 30 greferred article for use
in the present iMEMRIBACTF PP %ng UECPHArPF B ECHSS gL RHVQPRi cant ' s

copendi ng appl i caid odgdNopa H8208899ide Jhi 6. pag ikl € contains 2. 0% by wei ght

or |ess gf a volatilg organi c blomjfg agent, based on the weight of |

polyvinﬁ ar ene) uitable particleés for use in the present "invention
are e.g. described in US patent No. 3,973,884, which
describes polymer particles with a relatively high
density. These high density polymer particles are
obtained by pre-expansion of unexpanded polymer particles

30 containing 5.8-7.0% by weight pentane. From GB patent

No. 1 106 143 and PCT application No. WO 98/01489 it is
known that water may also be used as blowing agent. Apart
from hydrocarbons, e.g. Cyp-Cg hydrocarbons or halogenated

hydrocarbons, or water, other blowing agents may be used



13 March 2003 - 6 preferably less than 1.5% by weight. This particle can
be obtai ned by e.g. pre-expansion of an unexpanded pol yvinyl arene particle
whi ch is prepared by aqueous suspension pol ynerisati on of{3\yarch@oese
nononers in the 5 presence of a nucleating agent and fromO0.1 to 1% by

wei ght of a free radical initiator, wherein a C2_6 hydrocarbon bl ow ng
agent is added before, during or after the polynerisation, wherein the
amount of blowing agent is fromO0.5 to 9% by wei ght, based on the anount of
10 vinyl arene. A% etsiak i Ver3mpieiey fayl er $ eifarietP hin oraesipehs | A BPnt he
particles obtained, by RSOCEsSS: a5 descrdbeds i rbf&Pirﬁcfaé’t}é&t&O'P.eé‘g' ng
application No. 98203098. 3. Herein, conpact polyvinylarene pol yner
particles are i mamemadsl Pyatanr s asand@sepus aerfRenast D uRYNt ke at hgggas

at a tenperatur I %ﬁg f % o) 0. kPa gauge, to
yi el d expandabl gﬂf)%ll%tg% g?e e %Ea??i %{%:&%%P%X%g%g? oang%fggen unexpanded

pol yvi nyPar ene pattiictwlanty yhed pie-lexbargedypar i $at eor are den tonelsict ed 20
in any suitable nner . Suitabl e well e e.of hot air,
a hotyoil h<~th,§>?anr?$lae?e%fr%% ?%irl B %‘?%W \%&?ﬁ@l a |%né%$b§$edalrr%x§$%5m
may be used of temeratayes- DibdOH 10y 1681 {4 atopessds esilod 0 to 600 kPa
gauge, depending on, the presepnce of additives 25 and/or other polyners in
the pol yvi nyl ar WP P2 5oPREMIGE t he case of polystyrene, it is preferred to
use saturated steamud 3, $EIPEF AL Uiien ©i odHD- AR5t Ke ab r ¥ BSSINEsSr Ohr fphp 230

kPa gauge. The unexpapnded. pol yvi ny] arene pariicles may al so, be pre-expanded
by expogﬁng therﬁffeo&/\%r?ﬁ%\}gl’e €s %lhf‘?ﬁ stheth ‘arigh%r%%/%‘??%‘d%orll ng%hi s

enbodi ment the wedefricuéd abby hpgher+esmper af usep Dicdt DonS0it 0id0foEsapdet he
exposure has a duration of 5

0 120 m nutes, The gost %)ref erred rretHod to
pre-expand the u%%b%‘?ld]e%lsi)o‘?év?‘?\’ﬁﬁf%?%n%rp%‘irf?ﬁl1% oW HNY RSP BsERERi Rd&nti on
is the use 13 Mughi2003in0ofahoichbs, £HAVIHG-deh EIPET AP LcHEibhOM 90- 200
C, preferably from 95-160 C and nost preferably from 100-140 C. The

exposur e pref er aPYRFRE ol HuF @R FoRuSF Bp FBYBnhothrat Bhea ¢LffRERNBRetErred

particl esfor useshan i hen@resept ihNYSPE 1 ODek SE@r PG LGLLs1 PRt aPBSi BRERONS
pre-expanded "insitu". Hereto, styrene is bulk polymerised in an extruder
in the presence e PonbaRagcapeddt YaenPehe hot pBFyneriekl sekptdlivhe

extruder, the blpwag-agentnwi blgbe,19 6l gased; tRr efELEindr EofXPARSHEN tO
a density of 600-200 kg/m~, The slightly expanded strands of polynmer are

then cut to obtathe tberpafieel &arfbtohsdennl tneappbseationgention. In this
technique, it will be prefersedylon UsSuLAr PRR: dipxi der oxmShers cak bl owi ng

20 hydrocarbon blowing agent also enable a density reduction
to a level of between 600 and 200 kg/m3. The resulting
pre-expanded particles are extra advantageous in view of
environmental and safety concerns during transport and
storage. Therefore, it is preferred to prepare the pre-

25 expanded particles according to the invention by using a
process in which expandable polyvinylarene particles
containing from 0.5 to 4% by weight of a volatile organic
blowing agent, based on polyvinylarene, are pre-expanded
to an apparent density of 600 to 200 kg/m3. A most

30 preferred particle for use in the present invention is
the porous particle as described in Applicant’s co-
pending application No. 98203099.1. This particle
contains 2.0% by weight or less of a volatile organic

blowing agent, based on the weight of polyvinylarene,



15 agents. The vinyl arene nonomer conprised in the polyner of the present

. process consists preferably mainly of styrene. The pol yvinyl arene may
contain up to 10s nol e of another vinyl-group containing 1@%9:‘3?1@003”“ as

20 acrylonitril, acrylic or methacrylic acid or esters, substitute

" styrene, such as chlorostyrene, or oc-nethyl styrene, or divinyl benzene.

However, preferably the vinylarene in the pofyvinyl arene consists for nore

than 99s nole of styrene. Mre preferably, the polyvinylarene 25 is

pol ystyrene. Thepdemesigaléeon frean sk. 5% belwekgtown Thid heamiricld tcamybde
initiated thermally,. via free-radical polynerisaiion or via anjonic

pol yreri sat i on. O,&]t%/a}fdlf’dﬁ %t%'%t%%_segﬁ’aéy%h?félq %s@%%ﬁn%‘i&f erence is
given to 30 fregdiagiGa)l POdyYeessseddDH. wiSlih abd epfé@ere@dbgadqudbdd ators
can be selected fromconventional initiators for free-radical i

pol yneri sati on. SHHERETTEPUIRCT YT §3 CHPArCbr Ghty +2 T XIPRIMoUNS, ER%ich

as peroxsdes, peyEderrdd bonaj esuands PEE@si st dyPi £Abm exampt @s1 Pfpy 13
March 2003 _ g _ these peroxy conmpounds_ are C6_20 acyl peroxides, such as

decanoyl peroxi A& 1HEhol | 2 pbEeki BrI1ert ahdlt i Petbxi etk yl peroxi de,

peresters, such cg_ﬁ.é-mzy&cyﬁﬁope@zwi Lobt Vs PEI@ER R ford ; DM Ying or
peri sobutyrate, t- but yl peroxy- (2-et hyl hexyl ) carbonate, hydroperoxi des and

di hydr ocar byl perideteshe seehyBar i hosEoront 2 e hy ©3° 13Meivefs otarbyPwing

moi eti es, includiquhdisd sppsepy! s benzepe, hyge o5l oxidlea G -thdUlNbunt of
peroxi de, dicunyl’ peroxide or conbinations thereof. Qther initiators 10
di ffereAP from perdexempouhiiteahat byeby poslseplmay ebg. prepared by pre-

a, a' -azobi si .sobt%ggmmlgf gﬂg uawa@ﬁégno@gémai@@téo&& ﬁyiggbl y
carried out in the presence of suspension stabilisers. Sultable suspension
stabilisers are dg8¢rivrmninpAphbiaant apdcaspeonpnd sePpblgatigr al cohol ),

gel ati ne, agar, | yeyd r&ol 4 di P, | am g&s 4 i

stabilisers suchbﬂg's %%%%g?'%én{i%%??%ﬁ ﬁ%%ﬁ%é?m?ﬁ%%?%%?@p%%lsgﬂ% es,

li ke trical ci umpospivales and¢ okmpli sgud tedyldly ogeni phosphiat el oprhdhat|y in
combi natizon Wt h an 0 abil i sj tyone lier. The
anount %P stabip? é¥°ﬁ%3££§? a%?% %gré #ggﬁgggggggd%?gggm%g Hgsigéoégt%e
wei ght of the aqemsuphast. 1Thetgugpe8i bha potyaeri sat yoaldsexpandbbye

carried out at tﬁ/&n%;‘ggpﬂg&§%gcsggg§§le%n whi ch the tenperature in 25 the
0 and’in

first stage is fro he second stage is from 115 to 140
C. It may be advant aRyeotsxpanpddbynefi se thexpangédreokyvbmphersnen t he

Dol ymors. Sult aBTe St pol SRREny T enBr oxt HES HaUeSBERhe HBSErT ea FRcuEted
EP- A- 352037, EP-#n 493023uandbEP- ha8844995ulhebpel yphenyhene moatkedssare
Dref ol y presell | EGRTRIL DEL S, A HOKuegecarLAE BRIt
pol ymer. microwave radiation or steam. Steam may be used of
temperatures of 100 to 168 °C at pressures of 0 to
600 kPa gauge, depending on the presence of additives
25 and/or other polymers in the polyvinylarene particle. In
the case of polystyrene, it is preferred to use saturated
steam of a temperature of 100-125 °C at pressures of 0 to
230 kPa gauge. The unexpanded polyvinylarene particles
may also be pre-expanded by exposing them to warm water.
30 This method is preferred. In this embodiment the water
suitably has a temperature of from 60 to 100 °C and the
exposure has a duration of 5 to 120 minutes. The most
preferred method to pre-expand the unexpanded poly-

vinylarene particles in the present invention is the use



13 March 2003 _ g _ Exanples of suitable elastoneric polyners have al so
been described in EP-A-350137 and conprise (bl ock) copol yners of vinyl
substituted aromati c nmononer and a conj ugated di ne nononq&. Thgg@o

el astoneric polyners are preferably 5 present in an anmoun I%'t . Po 10

" W% based on the amobunt of vinylarene nononers, and may i nprove the inpact
strength of the polyvinyl arene pol ynmer. The’unexpanded and/or pre-expanded
pol yvi nyl arene particles may contain various conventional additives. 10
Such additives phAchutdeachai haviagsteteagembsprer o§sfkomkbhg2agefcs and

nucl eating agents, -Suitabl e_exanpl of, .chai,n _transfer agents_are C2_15

al kyl nercaptangrgagﬁaé ynEESHeggr?EQrcgpﬁgﬂ,m9§80858§Fr%§?¥a6f8W, t - butyl
mer capt an and nibotykomeccaphanexpfoBerecagertsrabeéylhapeat dpbesybneblfang and
t he di ner of a-nethyL styrene. Exanples of crosslinking agents are

but adi ene and dF®i Ay"BEAZene. Nucl eating agents are agents that pronote
cell forgmation and AreusdhbabbyecdsedebinpartaeDEntoef u8eOint @nd% bY¥swRitght ,
based on vinylarene, preferably in an 20 amount of 0.05 to 2% by wei ght.
Exanpl es of nuchBHENRGCRgEHt § RedtiicAel FhaitspaFskgernBrgafreaBeRPoliAds,

pol ymer particlestand QegariC 3Qhirdse Eéaﬁﬂhﬁsp%&ﬁm@%&?@ﬂ?&ﬁsaﬁOERQ%ﬁ@%r
such as cal ci um carbonate, sul phate conpounds such as barium sul phate and
cal ci um sul phat &? §hpi paeeepsecofpeukdsvwinghagasntal ¥hep| d)e hagnesiumer
silicate, anorpheus skkiGarBar ixGhesierzehkt 83owdhagt agBAEOWE 18aHEN, OXi des
such as magnesi um oxi de, and titani um oxide, m xtures of sodium bi carbonate
with cit®ic aci #218r§8AI & ohrdFierd- PERrEXREAG LOBMBOuAdeenaABkt RAl ene
conpounds, 30 pabycyehi gmaty o] b Ka£C har s,
G aphi Te and i aoand QU oy A el At o e dar Fanerves Biase
stearate and pabB#et fhencomsoledobtEianmshes pefrtdgileabiferpybgnén pheti cl es
are polyvinylch I I | ene, Iy acryl.opit il 13 March
2003 - |0 butaé?éﬁ%ﬁgtggg%@t?ub'e?? g@gﬁeﬁggﬁbﬁggféngkrh ér?e
styrene/ nal ei ¢ ankferirgd copolsgneardon délokideser Ehemherlekadpplieg i ncl ude
pol ar ppd yners g@ g%gcribed in e.g. WO 98/ 01501 which conprise e.g. starch,
and starch 5 nodrf ‘by esterification or etherification, emulsifiers as
descri bed e.g. WO 98hel488ydrdc® $®NON489 calipch sednmpni $¢be polymer of

bi sal kyl sul phos i sQrbital - Cg- r I
CB-CZp-aIknyylgﬁ% g%%%%gﬁa é%F §rg?@%ﬁ%%%y%§é¥53%ﬁzya§ggaéyegﬁing agent
are 10 pol yet hylséne enaxe§ heawialy v nyeiagien eaweryagentraliec upat ondidghtmodfe 00
to 5,000, mhichaar% %%gicallx_finelyCQEyHQe% through the polymer matrix in
a quantity of 020PHPE% By WeigiftoP FLIEE 1o eh&RSB Gy SFVi AVl ar ene,
preferably froma@ryliomi®r59 ,byamsilght orl methe cparltiicclaed dmey alsseragnt ai n
anti-static addit%yes, fl retardants such 3ﬁ hexabronncyclododec§p ,
dyes, filler naf&PShrtuEhiStYIEne, Sty @5 FELOT oSt eRE it & 818t NYand
lubricants. The spairtanGl €% a8 Wi 1RIN: GRAt edwbivieh , CoakirRG aEARPRSet | ONS
conprising silicones, 20 silicates, nmetal or glycerol carboxylates.
Sui t abl e car boxyH&Yeargne diny ddyolPHivd Ny lgirengngonsits§sedoat 8018 fdan
stearate, and n@@@uw%iély%*ygfréﬁgﬂnydﬁé<y}e$%gabq9UpQ§etb@ﬂ@vh%wqag%%&

di sclosed in GB patent No. 1,409,285. Instead of sfearate, one may al so use
25 1s polystyrene.

The polymerisation per se is well known in the art.
It may be initiated thermally, via free-radical
polymerisation or via anionic polymerisation. Although
both methods are equally possible, preference is given to

30 free-radical polymerisation. Suitable free-radical

initiators can be selected from conventional initiators
for free-radical polymerisation. They include in
particular organic peroxy compounds, such as peroxides,

peroxy carbonates and peresters. Typical examples of



25 citrate or palmtate. The coating conpositions have been applied to the
. particles via dry-coating in a ribbon blender or via a slurry or solution

in areadily vaporising liquid. The pre-expanded particlqiwﬁﬁ@ h 2694 egnat ed
with an 30 inorganic gas to yield inpregnated particles he pores in the
" pre-expanded particle are of such a size that a reasonable anmount of
|norgan|c gas can be inmpregnated into the pofes of the particle. By
'inorganic" gas it is meant that the inpregnating gases according to the
13 March 2003 - umesqnmSEmmyiemmpmmmmsnayeo@gly@raeﬂlrmstoxbdéq,vsmuheas
based on the vol ne of % dof or anr oun S, refer % gDst
0-50 by vol ume. WU bresHor 43St ietiaess ERESF iRy Per ey pratedr de;
invention do notswt @l No&r RYAOf g@@t@sﬁ@ﬂ@puﬂd@h 2 emmWe paéra suitabl e
i norganic gas i§ carbon dioxide. ver, this nterLeres Wi t

pol yvi nyl arene %W?%@tirk%’ﬂ%ﬁ&ch%ﬁ%?%?%feblEw@?&ﬁ g%%?%s??“BYE%B?ves to

some extent intocidie PobyIBRy dBL Féxhy The gy MEeAShbéhdt e f Oy $POBe BPRL B EAL LARS
it will 10 have tao be renmoved with effort in view of potential negative
effects, e.g. irftHeEPerEPB: Rarerjdepeaftfl of st BXP oI o9y aE2BIn di oxi de,

al so being a weld s Kﬂ?wﬁy@fgégrﬂﬂysﬁ09@§leé5 theredone @pileégfepyed
Preferred are inorgani c gases t have no such a negative effect and 15

t hat show | ess |bﬁ%ﬁ%&ﬁ|%ﬁdmprﬁe¥ﬁél%%lyﬂ%Ttn%%FYk P%&%ﬁb@%s dfcunrh gases

are inorgani c Ns.ahd{ @& 92- EQHE?thDQnQaéﬁére8§|'@@EePeﬂﬁlﬁﬂgtéfgon Mor e
preferably, the inorganic gas used for the inpregnation is selected from

i nor ganil® N2- arfiiiofe oD ohrannPREORD GeBeaundheake gaked RAFEEPL§: cOnFain
more than 90~ by, @Jyggosggiggbgg Egglgg%yge of the gas, of N2 and/or 02~

nmore suitably nore than y vol st preferably, the gas is nitrogen

or air. Not only do'Imeseugp5351barpbyym@rEséer@nm1$hsthambyy@&rrnaﬁrbmt

but they are 25 als effectrve an ave atrg nvironnenta
Rk

n
or health inpact* %5?§§ﬁﬁ?r8g Egﬁ?%@S&ngﬁE?%af% Bovever,
it is preferred swspemsegnaseabbei peesexpandelll panswel s byet&Etrandganrc

gas by posing the particles 30 t as, at t eratures_ranging.fromoO
2o on CT¥hret orr e Enber aoEr e ranget 1r 8T} orebTEERE CASbr PRt ETEPHY y
from 10 to 30 Cpmélpﬁeﬁerapbyyat:hgzléxermeramasegarxsed £8abODDL & EFPELAKUr €.
This way the voids ip the particles are filled wth_t as w thout the

13 March 2003 - 32 abﬁT#@FnypﬁPEﬁelBErnﬁaﬂ%%FeHmsﬁtkl?ﬁE Pf BRPEPAELSSuch

def or mati on ”1ghI1M@V@rﬁcQ§&£hﬁFHb§bh§EéeQﬁdﬂBrtB@s@&l@ﬁhyaﬁoﬁéﬂ properties
of the voids and therebg it would have a negative inpact on t
e

expandabi | ity ofPRPEPBat@suPPFhENRHPY eRateBPbBRE] el ¥l torRYVRE, thRe | ow

tenperatyr e ensusespihatihhecBapbLebeSnesEBbAET 88F 1 oM NOTREaHOUABE o8t i CK
to each other, which mght "occur if the inpregnation would be conducted at

hi gher tenper at uF €301 41D TRempHpFRERAPLBNVREY S FeabPylstienlt RadWkn PAESPores

of the porous pastiche RephRSSHECtRE 480eb0s1pRO0ekPa gauge is achieved.
Preferred pressures in the pores are between 200 and 1,000 kPa gauge, nore

preferably between 3D0eapdsBeDS kPR geh@eerLeabroerees@reeabhancqeglﬁeaout
gauge at two temperature stages, in which the temperature in

25 the first stage is from 85 to 110 °C and in the second
stage is from 115 to 140 °C.

It may be advantageous to polymerise the'vinylarene
monomers in the presence of other polymers such as
polyphenylene oxide or elastomeric polymers. Suitable

30 polyphenylene oxides have been described in EP-A-350137,
EP-A-403023 and EP-A-391499. The polyphenylene oxide is
preferably present in an amount between 1 and 30 wt%,
based on the amount of vinylarene monomers, and may

improve the rigidity of the polyvinylarene polymer.



15 woul d nean that the voids would nerely be filled with gas, e.g. nitrogen

. or air, at about atnospheric pressure. Such a replacenent would result in a

i nsufficient expansion, if any. Pressures higher than 1, ge are
possi bl e, but these are undesirable for econom cal 20 anaggﬁgﬁﬁggasons.

" The external pressure applied, needed to establish the desired pressure in

the pores, is preferably from 100 to 2,006 BPa. Although it is possible to
use hi gher external pressures, this would require better equi pped pressure
vessel s and it wadhgleske r25usaapllieng laetemdiriti pulymePseharablay,sd Ren
maxi mum ext ernal_pressure enployed is_1,500 kPa. Suitably, the external
pressure applie&eP§rﬁ @dséﬁpE§§ '@éoééﬁiPég [PESSErE ﬁﬁlpﬁé)pGP&§¥ﬁmq4ﬁa
porous particl ecfAltial 1t BapistRiedrat aedmafe i Mehegeat addpar ticeieyatay 30 be
taken to a conventional expansion unit and expanded further to at |east 3
times the vol undigpet RENPFEEx paRGEE SaPCitOME L 1fhEPe YNE Ifo 25Ec BISHSF Y 1t ake

any specsfic pregaykhensn Ant NG tt Rg past itel 89 W st heasel3 JMargl 2003 -
13 expansion unit. However, it could be useful to do such via a pressure
sluice. In the éRpEAsi OF VHNY lEFENenPIoBgREESed Pardt Melved MREO VEX FdredddhRastan

apparent density Waichpi %ff‘tthlee%%tl_y%irnigq%§e§1el Q8L mehan the origi nal
9

apparent density. Preéferably, the i'nprégnated particles are expanded to an
apparent density of The magspaddeidrend/ewePrengrrdddea] PRYYH MYRE ®asansi on

can be CondUCtegakei%ﬁﬁsaHB%I%Qﬁmgﬁﬁ§ié%i@?%i%%%xﬁk%ﬁbﬁaﬁr%@@fﬁﬁyﬁél

conduct the expansion to an apparent densi Isup to I mes,

more priferabl y Sught @d4d tiviess ingderdet ledua igo triansifey lbgeadvantclfesss t o
carry out the EARAMRI LGN a%regxftess%n' éﬁcﬁg%-tiﬂc};era %’t.st.h%u?%%%g%e%xam leﬁ y

pal yvi nyl arene parti cl’es “obtai ne er the “expansion are advant ageous

agai n i npregnat ed Cheen rpreegfatmedgentist lr rk5 Can jisneddadi oegasrd@hs migtus

re-i npregnat ed rticl e agqi anded., Th r f re-i egnati on
can be repeat ed%%p%t %Oglseﬁyrﬁ)énr 0 %tt%sa ﬁ%v?é% ?l R}e%g%ﬁ:laﬁ,e& (llor |slan will

strive to a bal arceapstaneeamd he-tdundt imer aafpttane IOghreegeatendrs iareorder to

maxi m se_.t he anpunt_ _of 20 .i npr.egnat ed s on the e ha nd_.a | ow nunber
of repef?ti ons &F HRENS eﬁam aé}%gcgﬁfpéﬁﬂegn nggcﬁfé‘}?cr{g‘ygh e Rer .
Suitably this Wgxarpaad oF &yReeskiny \H?{ieehs_t had mutegnanconmnd
expansi on steps are repeated between 1 and 4 tinmes. 25 As already indicated

the expansi on c&tVHEYeATRFA i GIRA td SASTGiPal2 Iéx fERI Toh Wit PERFREDI e

net hods are the gane R idie deldnknown Jmitheds, asadeser ihednddimd ee 0.01
pre-expansion. Preferred is the use of steam as expansion nethod. 30 As

al ready indi cat & i3¥ tie WIS pHATPRIBY &1 esgairded PRIGSAES Yard stit t abl y
put intgpa nmoul drangd heat efd ¢ dhaly the Lxpanded . pafdiad & fige dogeider to

produce foanmed noul ded articles. Therefore the invention also provides a
process for prepgaEintg & feodiete g tdidreised i@ ngardle ZOPounds, \welkymer

expanded pol yvi qyl.arene paftd ol hs ot aldiadiby @ AAESS, AL G AIdi {0, thi s

invention are heated 1n a nou e pol yvinylrarene particles soften
and stick toget mempamdis diea 2 d adoui wh tdaup olstta ned liph adoo | erinpeuadyi el d

e e £ S S BN P | S AN UL e AN p dapl cal Ty

25 compounds such as talc, clay, magnesium silicate,
amorphous silica particles, zeolites, diatomaceous earth,
oxides such as magnesium oxide, and titanium'oxide,
mixtures of sodium bicarbonate with citric acid, organic
bromine-containing compounds, naphthalene compounds,

30 polycyclic aromatic hydrocarbons, carbon black, cokes,
chars, graphite and diamond dust, paraffin and fatty acid
derivatives such as stearate and palmitate compounds.

Examples of suitable polymer particles are polyvinyl-

chloride, polypropylene, polyethylene, acrylonitril



The invention will be illustrated by neans of the foll owi ng exanples) 10
Exanpl es All apparent densities were neasured in accordance with the

foll owi ng nethod: A cylindrical cup of 1000 cnB +/- 2 c aci havi ng
an inside dianeter of 66 nmand a height of 293 mm 15 m"53mﬂoréjﬁéhx?o t he

" nearest 0.1 gram (atnospheric pressure, roomtenperature). Subsequently,

the cup was filled wth polyvinylarene partigles. A perfectly flat netal

scrapper was used to tap three times against the side of the cup and

subsequent |y tops&hane nef fst%ftﬂerfé(Cfo‘c?erLQ_ natefdrdl Bt ddhiedorwbdhe cup,
wi t hout shaking 'the cup.' The material in the cup was weighed to the
NS

nearest 0.1 gramtaré e igh t2 BTy 4 HEH ARA RS el FEULVLSE i F WidHE of

1 cnB was cal culsatagthi1and ;GRAMEIE §h 1t kil 1NBhe rENQ PRIURNE HLNLQNES, grer e
measured with gas 25 chromat ography usi ng 'N-hexane as the internal

standard. Exanpi&s 9B/ 15 0o WsiG)r eifeqyaras & b VidrE Preperced THE @

suspensi gn pol yaelH;SaldPh \Pracess: £ efietdy, &b QAL Ganidier aldyied mad &
Stabi 1 Sers, 0. 25 S coro « HID ViR GHeitsr A mindit 14 oty
stabilisers, O. , , yl ene
wax, and 0.25 o it {4 1 - i t,.e 1Qf~ 475 rpm The
pol yneri sation %S\\Msﬂtlasr%t gidl%%l/ﬁ{%égl g t{u}'éc%er%pﬂésgﬁ lr}VrQDe{t?LoteOSlG c@ a by
aggition OB ger@ﬂnhﬁxykﬁijﬁu(ﬂﬂdﬂﬁ%}czdfhlﬁyﬁnﬂkﬁnﬁwﬁqkpﬁﬁﬁaww%u gnG
addition, 0.05 ¢ r - t : t aroun

hours, 81 gram ;?é%\rtt;lncgﬁ(arﬁol %dﬁ){}}’% %/%merﬂ‘ﬁgl\gaﬁttlg%g%%edﬁfzfe{%\n i SO pent ane)
was addé@ and t e tyerhberlane evaess ra wiey to v& iarhdured 2@y eC whleaar iar was

Bt 2 2 SR g4 NS g Do Rl S g o,
divided through the polymer matrix in a quantity of
0.01-1.0% by weight, based on the amount of vinylarene,
preferably from 0.1 to 0.5% by weight.

15 The particles may also contain anti-static additives,
flame retardants such as hexabromocyclododecane, dyes,
filler material, stabilisers, plasticizers, such as white
oil, and lubricants. The particles are suitably coated
with coating compositions comprising silicones,

20 silicates, metal or glycerol carboxylates. Suitable
carboxylates are glycerol mono-, di- and tri-stearate,
zinc stearate, and mixtures thereof. Examples of such
compositions have been disclosed in GB patent
No. 1,409,285. Instead of stearate, one may also use

25 citrate or palmitate. The coating compositions have been
applied to the particles via dry-coating in a ribbon
blender or via a slurry or solution in a reaaily
vaporising liquid.

The pre-expanded particles are impregnated with an

30 inorganic gas to yield impregnated particles. The pores
in the pre-expanded particle are of such a size that a
reasonable amount of inorganic gas can be impregnated
into the pores of the particle. By “inorganic” gas it is

meant that the impregnating gases according to the



wei ght pentane, based on the weight of the polystyrene, 10 and had a
particle size in the range of 0.4-0.7 mm The polystyrene particles were
pre- expanded by placing themin.a water bath of 100 C foq 3W§§ g@§3of 15
m nutes or by putting themin a KURTZ KV450 batch steanlpP - B er using
a steam pressure 80 kPa gauge at 15 a tenperature of 117 C for a period of
30 seconds (KURTZ is a trademark). The appatént density do of the resulting
pre- expanded particles was neasured. Next, the pre-expanded particles were
i npr egnat ed ¥M t rpna'kstemgamw&jmm sty iduhddiemd rogr ass e ms?mé An swgler
a pressure of 600 kPa gauge nitrogen gas at_roomtenperature, After 3
qﬂé%% tg}f‘d ?{g

hours, the pres&lit &ifas e | HorUffted rRestsded particl es
were taken out. gldfruyia) fa@nndwurg. gheyw wesltid acekd i AR KVASL:

bat ch st eam expander where the particles were allowed to 25 further expand

under a pressur &3S AEGRFIIRRINL B Rk B0 kP FlUgE it LRttt e
of, respectivel yany brdargid dddbdarddy. Ih secmigle i amdie d1ard iiGl@sgddus

obt ai ned, the apparent density d was neasured. In addition, the ratio do/d

was cal cul at ed. BG Trie TRAT S diTABE T n 1R SNt BeARA o8 H £ e

procedure of examlyesinly il Mase nePeat-ed, 1 Md hdhe @regidion thidwihe
pol ystyrene particles were pre 13 March 2003 - 16 expanded by putting
themin a KURTZ 385G bidt - STREE Driek QR Rt THdem &P frids R ERF kPa

gauge at a tenpefaatting, ofhilsdl mdadHrematPerdOkdie Hppriesadiyvelty w1l
seconds, _.and that the resulting pr e-_expandedretpa,rti cles 5 were inpregnated
with ai 10i nst ead @€ Mid rRyerEmMa¥RA el (& BT i Ui Bfte Pl P al  Exanpl e

5 The procedur e fgaxanl &srdes Was, § epgatiath midiy tde £xeapt, aedhal dhe
pol ystyrene particles were pre 10 expanded by subjecting themto hot air of
110 C for 50 ni MAESAREY hdta 1N r&if 195y HrIL S§ditied Walrt 11 vereen

i mpregnated Wt hdide idisd eads ofhdwd f QLMo e PRt L] o MBI fdl thes
expanded using a POLYTECH bat ch steam expander, under a pressure of 90 kPa
gauge steam 15 aftP%ZEaerfHeFatef ettt NB'S 1° 1BHCBR JEWSGids’q FASeHCHR 1S a

trademafk). The girsul ol fe SHOWNE A JEISE dith the polymer matrix.
Examples of such gases are inorganic Ny- and/or
Op-containing gases, helium, neon and argon. More
preferably, the inorganic gas used for the impregnation
is selected from inorganic Np- and/or Op-containing
20 gases. These gases suitably contain more than 90% by
volume, based on the volume of the gas, of N5 and/or Oz,
more suitably more than 95% by volume. Most preferably,
the gas is nitrogen or air. Not only do these gases
hardly interfere with the polymer matrix, but they are
25 also effective and cheap and have no negative
environmental or health impact.
The impregnation can be conducted in many ways.
However, it is preferred to impregnate the pre-expanded
particles by the inorganic gas by exposing the particles
30 to the gas at temperatures ranging from 0 to 95 °C.
Preferred temperature ranges are from 0 to 50 °C, more
preferably from 10 to 30 °C. Most preferably, the
temperature used is room temperature., This way the voids

in the particles are filled with the gas without the



13 March 2003 - 17 Table |

Exanpl epr e- expansi ondoi npr eg- ddo/ d( kg/ n8) nati on(kg/ nB) 1wat er

bat h, 500N2501 10. 0100 C, 15 mi n2pre-expander. 407N256~7. 2Pr@sga'ch 29
kPagauge; steam ngtine 30 sec. 3pre-expander. 536air541 9. 9Pressure 88

- kPagauge; steami ngtine 15 sec. 4pre-expander. 256air 26~9. 7Pressure 80

kPagauge; steaningtime 45 sec.5hot air.436al#4539, 7110 C for50 nmin 1

expansi on under 80 kPa gauge steam pressure 2 expansion under 60 kPa gauge

st eam pressure foéypanylaremeddeidq keatgaugecht eamtpiesserfe rasnpaduath ve

experinments 5-6

The procedure of exanple 2 and 4 was repeated wth the
exception that tR oﬁﬁggéfﬂaﬂﬂg tp%@f?tﬁrgﬁérﬁgﬁngﬁe§f%§F§ R5t thpr egnat ed
Wi th respectivekyroctiuegerngap ropedtdiels. oFhe heesdlids ane ithdiredtyedd n tabl e
[1. In both cases,lg %g%nificantly | esser expanséon was ob%Frved t han for

the Exanples 2 XRH £3 AVEREOR 2063 LIPRE T PRpILES| FXREPEA At do Ak FhA
) ddo/ d599~131~. 62066344 I mbrAPRANSIOPHRGRN B0 KBRBAYFE $heamdpr essure

13 March 2003
temperature ensures that the particles remain free-
flowing and do not stick to each other, which might occur
if the impregnation would be conducted at higher
temperatures.

10 The impregnation is suitably such that in the pores
of the porous particle a pressure of 100 to 1,500 kPa
gauge is achieved. Preferred pressures in the pores are
between 200 and 1,000 kPa gauge, more preferably between
300 and 800 kPa gauge. Lower pressures than 100 kPa gauge

15 would mean that the voids would merely be filled with
gas, e.g. nitrogen or air, at about atmospheric pressure.
Such a replacement would result in a insufficient
expansion, if any. Pressures higher than 1,500 kPa gauge
are possible, but these are undesirable for economical

20 and safety reasons. The external pressure applied, needed
to establish the desired pressure in the pores, is
preferably from 100 to 2,000 kPa. Although it is possible
to use higher external pressures, this would require
better equipped pressure vessels and it would make

25 sampling more difficult. Preferably, the maximum external
pressure employed is 1,500 kPa. Suitably, the external
pressure applied is the same as the desired ﬁressure in
the pores of the porous particle.

After the impregnation the impregnated particles can

30 be taken to a conventional expansion unit and expanded
further to at least 3 times the volume of the pre-
expanded particle. There is no necessity to take any

specific precautions in taking the particles to the



- 19 CLAIMS 1. Process for the preparation of expanded porous
- polyvinylarene particles, the steps conprising: 5 (a) pre-expandi n4

unexpanded pol yvi nyl arene particles that are inpregnated g“&% ﬁ@gb W ng
went to an apparent density d rangi ng betv~een 600 and 24 £ form

- pores in said particles, said pores being of such a size that a reasonable
anmount of an inor;anic eas can be inpregﬁaﬂéd"into said pores of said
particles; 10 (b) inpregnating said inorganic gas into said pores of said
pre- expanded partpaleison amdi § c)Hexpaendi ngt sevwl pare i csebubftstap §bEhto

form sai d expanded pal yvinyl arene, particles to an apparent density of at
| east three ti %sa Iagv%gr/e% %ﬂe d%fujzé.)e Process according to claim1, in which

t he pol yvi nyl arene Jartleel espan =i ol ysiyrene inpropmtdepadifreosesse
according to claim21, in which the apparent, density d. ran from530 to
220 k! e, 4. P RO PR T SRR, SRS 1 T Th TheP BorSoF hyP ol SHES
particl &s are ilmwegndiad bye tbeidiwd Danpsa gast byerexpos! neréhexr palyi ckas to
the gas at tenperatures r qging+' 0 fromO tod9~C% such that in the Eores
of the porous p’e{?gﬁecq’éa%e%lr AEUHElRT 36D FPFNASH0-KPH FREFF TRt adfiPaited.
5. Process accaflidyg 1ea<t ab ntdned NLakeEnchine dNOrABHhSu@aSthe &RbeEEEEN
from Nz- andior O -containing gases. 6. Process according to claim~, in
whi ch the i nor it PAEPRIRFET ogRrPRY aPparent Kdempipipsdestteddi b L8

cl ai rn 1, in Wxﬁé’bﬁf@ai s €QHRE €6l paméi@he&n@i@newamesip;w;@ﬂtaaeae%p
denmtgﬂof at | east tinmes |ower than do. 8. Process. accordi ngato claim1,

5, ! ,
in whi¢A the i nfteghated Pab?i ¢ esimpe RpapdREetoral wppareht 28ehsley of

up to 40 tines lover than d,. 91&&9@%@ LM APt O €batardy btWhheh the
i npregnated particles are expanded by 30 exposinc themto steam of

t enper at ur es of S ¥RANIEHPALABEC @RS PreR3shiF @RS r ahRFRGEPr oFR® 2BPBVBERPa gauge.

13 March 2003 'poldvidylatbn&r 9868 0Es CbBta nddVWNEESE Nehd ERSansion are
pre-expandi ng of said ttncxpanded polyvinylarene particles of step (a) the

A

vol une i ncrease*$f2RFROPPES eXpadieitd PEPFLIRYTad eher patmPESERaEBADAr Bdtho
the vohyme of tle unexpanded;pol yNiMyharen8s re-impregnated particles

are again expanded. The process of re-impregnation can be
repeated up to a number of times. However, the skilled
artisan will strive to a balance between the duration of
the impregnation in order to maximise the amount of

20 impregnated gas on the one hand and a low number of
repetitions of the impregnation and expansion seqguence on
the other. Suitably this will lead to a process in which
the impregnation and expansion steps are repeated between
1 and 4 times,

25 As already indicated the expansion can be conducted
in any conventional expansion unit. Suitable methods are
the same as the well known methods as described for the
pre-expansion. Preferred is the use of steam as expansion
method.

30 As already indicated in the descripticn above,
expanded particles are suitably put into a mould and
heated so that the expanded particles fuse together to
produce foamed moulded articles. Therefore the invention

also provides a process for preparing a foamed article in



particles is ti~omabout 1.5 to less than 3 linmes. | 1. Process for

- prepming a foaned article in which expanded pol yvi nyl arenc particles

obtai ned by a process according to any one of clainms 1t ated in
a nould till the polyvinylarene particles soften and sti 8&*&5%?9@? and
the heated nmould thus obtained is cooled to yield a foaned artlcle
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with the following method:

A cylindrical cup of 1000 cm3 +/- 2 cm3 capacity,
having an inside diameter of 66 mm and a height of 293 mm
15 was weighed to the nearest 0.1 gram (atmospheric
pressure, room temperature). Subsequently, the cup was
filled with polyvinylarene particles. A perfectly flat
metal scrapper was used to tap three times against the
side of the cup and subsequently to scrape off the excess
20 material on the top of the cup, without shaking the cup.
The material in the cup was weighed to the nearest
0.1 gram and the weight of the polyvinylarene particles
in grams of 1 cm3 was calculated and converted to kg/m3.
The pentane contents were measured with gas
25 chromatography using N-hexane as the internal standard.

Examples 1-2

Polystyrene particles were prepared by a suspension
polymerisation process. Hereto, 4,000 gram demineralised
water (4 litre), 3,680 gram styrene (4 litre),

30 conventional suspension stabilisers, 0.25 %wt, based on
the weight of styrene, of a polyethylene wax, and
0.25 %wt white o0il were mixed at a stirring rate of
475 rpm. The polymerisation was started by raising the

temperature to 86 °C and by addition of peroxide
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finishing the polymerisation, the reaction mixture was

cooled.
The resulting polystyrene particles contained 2.1% by
weight pentane, based on the weight of the polystyrene,
10 and had a particle size in the range of 0.4-0.7 mm.
The polystyrene particles were pre-expanded by
placing them in.a water bath of 100 °C for a period of
15 minutes or by putting them in a KURTZ KV450 batch
steam pre~expander using a steam pressure 80 kPa gauge at
15 a temperature of 117 °C for a period of 30 seconds (KURTZ
is a trademark). The apparent density dy of the resulting
pre-expanded particles was measured.
Next, the pre-expanded particles were impregnated
with nitrogen gas by storing them in a pressure vessel
20 under a préssure of 600 kPa gauge nitrogen gas at room
temperature. After 3 hours, the pressure was released and
the impregnated pre-expanded particles were taken out.
Within half an hour, they were placed in a KURTZ KV450
batch steam expander where the particles were allowed to
25 further expand under a pressure of, respectively, 80 and
60 kPa gauge and a temperature of, respectively, 117 °C
and 114 °C for 30 seconds. From the particles thus
obtained, the apparent density d was measured. In
addition, the ratio do/d was calculated.
30 The results are indicated in table TI.

Examples 3-4

The procedure of examples 1-2 was repeated, with the

exception that the polystyrene particles were pre-
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The procedure of examples 1-2 was repeated, with the

exception that the polystyrene particles were pre-

10 expanded by subjecting them to hot air of 110 °C for
50 minutes and that the resulting pre-expanded particles
were impregnated with air instead of nitrogen. The
particles were further expanded using a POLYTECH batch
steam expander, under a pressure of 90 kPa gauge steam

15 and a temperature of 118.5 °C for 35 seconds (POLYTECH is

a trademark). The results are shown in Table I.
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2 pre-expander. 407 No 564 7.2

Pressure 80 kPa
gauge; steaming

time 30 sec.

3 pre-expander. 536 air 5441 9.9
Pressure 80 kPa
gauge; steaming

time 15 sec.

4 pre-expander. 256 air 26¢ 9.7
Pressure 80 kPa
gauge; steaming

time 45 sec.

5 hot air. 436 air 453 9.7
110 °C for

50 min

1 expansion under 80 kPa gauge steam pressure
2 expansion under 60 kPa gauge steam pressure

3 expansion under 90 kPa gauge steam pressure

Comparative experiments 5-6

The procedure of example 2 and 4 was repeated with
the exception that the pre-expanded polystyrene particles
were not impregnated with respectively nitrogen gas or

5 air.
The results are indicated in table II.
In both cases, a significantly lesser expansion was

observed than for the Examples 2 and 4.
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CLAIMS
1. Process for the preparation of expanded porous polyvinylarene particles, the steps
comprising:
5 (a)  pre-expanding unexpanded polyvinylarene particles that are impregnated

with a blowing agent to an apparent density d, ranging between 600 and
200 kg/m? to form pores in said particles, said pores being of such a size
that a reasonable amount of an inorganic gas can be impregnated into said
pores of said particles;
10 (b)  impregnating said inorganic gas into said pores of said pre-expanded
particles; and
(c) expanding said particies of step (b) to form said expanded polyvinylarene

particles to an apparent density of at least three times lower than d,.

[\

Process according to claim 1, in which the polyvinylarene particles are polystyrene
particles.

Process according to claim 1, in which the apparent density d, ranges from 530 to
250 kg/m’.

4, Process according to claim 1, in which the polyvinylarene particles are impregnated

LS 3

by the inorganic gas by exposing the particles to the gas at temperatures ranging
20 from 0 to 95°C, such that in the pores of the porous particle a pressure of 100 to
1,500 kPa gauge is achieved.
3, Process according to claim 1. in which the inorganic gas is selected from N;- and/or
O--containing gases.
6. Process according to claim 3, in which the inorganic gas is nitrogen or air.

Process according to claim 1, in which the impregnated particles are expanded to

38
h
~J

an apparent density of at least 5 times lower than d,.
8. Process according to claim 1, in which the impregnated particles are expanded to
an apparent density of up to 40 times lower than d,.
9. Process according to claim 1, in which the impregnated particles are expanded by
30 exposing them to steam of temperatures of 100 to 168°C at pressures ranging from

0 to 600 kPa gauge.



& ()- 310% & ()-|7}}}|[:bua/ 10% & ()- 10% & ()- 10% & ()- L10%

& ()- 10% & ()- 9°10% & ()- Normal" "Heading 13]c" "Heading 23]c"

"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63}§ma ahg 73] c"
"Headi ng 83]c" "Heading 93]c"A "Default Paragraph A$ artf 2068

Font hY#++18N@XGNnW ci | p2q[ xz~SdC$i v} STUWK{ Xn"&; (+:.147;" >NC,

FQIKMQUX] t ~ cf f hl \ mop(pBp” puppppppqgqlaEq\WmqaaqqHssss3t MSyj {| } YZ[\]*_" abcd
ef ghi j kI mopqgr st uvwxyz{|}~6Ti mes New RomarpAr-i al Couri er New'h Root

Ent r yWor dDocunent 0A " #$9%& () *+, -./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~

10.  Process of claim 1 whercin in the pre-cxpanding of said uncxpanded
polyvinylarcne particles of step (a) the volume increase of the pre-expanded
polyvinylarene particles compared to the volume of the unexpanded polyvinylarene
particles is from about 1.5 to less than 3 times.

5 11.  Process for preparing a foamed article in which expanded polyvinylarene particles
obtained by a process according to any one of claims 1 to 10 are heated in a mould
till the polyvinylarene particles soften and stick together, and the heated mould thus

obtained is cooled to yield a foamed article.

10



